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ABSTRACT 
The Effect of Level of Magnificati.on 
.on Operator Performance on a Microminiature 
Inspection Task 
,. 
., 
This study investigates one aspect of operator performance on a microrniniature inspection task. The-hypothesis is that, other things being constant, speed and accuracy of inspection will vary with the leve~ of magnification utilized. Mechainisrns are proposed 
which would indicate t~at the ·functions relating speed to magnification and errors to magnification are U-
shaped and therefore an optimum level of magnification 
exists. 
Ten subjects, experienced in the use of microscopes for production and inspection, were studied. Each 
subject inspected three sets of patterns at 5 different levels of magnification. The patterns consisted of Os and Cs, the task being to count the number of Cs. Subjects were instructed that speed and accuracy were · ·7. equally important. 
-~ 
T·he effects which were hypothesized were statisticall_y significant at the .005 level and the following facfts were confirmed: ~ \ 
. '· 
~ 1. Operator speed and accuracy on~a given micro-miniature inspection task are a function of the level of magnification utilized. 
~-2. The functions which de-scribe the relationship of speed and accuracy to~magnific~~ion.are U-shaped. This verifies the existence of a level of magnification which will minimize the time to inspect a pattern and the number of errors made by an opetator. 
3. Under an indifferent risk situation, time to inspect and number of errors are minimum at the same level of magnification. 
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INTRODUCTION 
Microminiaturization has become a way of life in the electronics 
industry. Virtually overnight the microscope has been transformed 
from a laboratory instrument into an integral component of many manu-
facturing tools. As a result, an instrument which was originally 
used intennittently and for short periods of time is now being used 
continuously. for periods of from two to four hours over an eight-
hour shift. 
1 
A large number of microscopes are now in use in manufacturing 
apf>lications. Consequently, even a major breakthrough in technology 
which might result in an improved means of providing magnification at 
the work place would not significantly reduce the number of microscopes 
\ 
in use for sCJne time to come. Given this state of affairs, it is im-
perative to industry that the man-machine interaction for this particular 
,. 
system be investigated in detail. 
. 
·.'-. ',-1 
....... ,'. 
., 
One area k interest involves the establishment of guides to be 
used in selecting the level of magnification which might·be used for 
' 
a give~ task. Unfortunately, the rudimentary guidelines which do exist 
have not been verif'ied experimentally •1 It is the author I s experience \ \,-· 
·,, 
that, lacking guideposts, engineers often specify the highest possible 
magnification. Increasing the level of magnification, in turn, creates 
,; 
additional design problems associated with stability and vibration, 
increased illmnination, etc. 
· Simon2, 3 has studied the problem of magnification in a task re-
quiring manipulation of small objects with tweezers while viewing through 
., 
I 
.... . 
" 
l.,,. 
,• 
-··· .. ·" --, 
... 
... 
2 
.. 
a microscope. He found that higher magnification decreased the time 
required to pick up small metal dots, but increased the l~9gth of time 
required to move them a specified distance. These studies also indicate 
a strong interaction between object size and magnification which leads 
to the contention that an optimum level of magnification can be found 
for a given task. • r 
Simon's studies are complicated by factors, of manual dexterity, 
.... 
d~pth perception, etc. In order to isolate the visual aspects of 
microscope-aided production, it was decided to investigate the problem 
of inspecting a two-dimensional pattern. Operator performance on an 
inspection task can be evaluated using two criteria: time and accuracy. 
\, 
These criteria are common, experimental measures, and are also used as 
measures of industrial productivity • 
Time 
It is postulated that two factors affeet the amount of time neces- . 
sary to inspect a given task: (a) Image Size - which is the size of the 
defect or characteristic being located, and (b) Scanning Pattern - which 
is the amount of eye travel required to inspect a given area. 
Image Size: In an inspection task the operator is often required 
~--"'~ to locate a small scratch, opening, or other surface defect. This type 
of task is classified as a recognition or resolution task,., Examples at 
such tasks are location of the gap in the Landolt ring and response to 
a separation between elements of a pattern. The visual acuity thus 
m~sured is commonly called Minimum Separable Acuity (MSA). 
,.. 
. . ·--- -·-'--· ·---·--~------~--- --·-··-··- .... --~- . 
ii, 
.. 
,. 
• 
Visual ·thresholds are not discrete values. They are ·usually 
associated with a 50% probability of response. However, the common 
clinical standard for MSA is described as identification of a gap 
which subtends 1 min. of visual angle.4 
3 
Theoretically, then, there is a lower limit of magnification which 
might practically be considered in an ·industrial experiment. This would 
. 
. 
be the magnification which would enlarge the smallest defect to a size 
subtending 1 min. of visual angle at the focal length of the microscope. 
Increasing magnification would make the defect appear larger. 
IT recognition time is defined as the time taken to verify the "' 
existence of a defec1.1, it is hypothesized that increasing magnification 
. 
will shorten the defect recognition. time. This decreasing time function 
I 
would be expected to become assy1r1ptotic to some minimum recognition 
time {Fig. 1). 
Scanning Pattern: If consideration is limited to scannin~ of areas 
which remain within the field of the microscope;", movement of the task or 
. ,., 
the microscope is eliminated. A 1/16 · inch diameter dot viewed at 20X 
will appear 1.25 inches in diameter. At 40X the same dot will be 2.5 
inches in diameter. The area of the dot increases by a factor of.four ~ 
) each time the magnification doubles. 
Expressed in terms of visual angle, the 1/16 inch dot would subtend 
a vis11al angle of about 2.5° at 7I and a visual angle o£ 15° at 40I. As 
a result, the scanning time to inspect a given area is hypothesized to 
increasEt_,as magnification inC~s ove~ th8 range specified {Fig. 1) • 
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The effects of Image Size and Scanning Pattern will interact for 
any given inspection task. If total time to inspect is assumed to be· 
a swnmation of the two pasic times, the resultant curve would be con-
cave upward, indicating the existence of a minimum time point. (Fig. 1). 
,, Total Time 
Time Scanning Time 
Defect Rec ogni ti on Time 
Magnification 
Fig. 1 ~.Hypothetical Relationship Between Inspection Time and Magnification 
Accuracy 
Under most industrial incentive plans, the operator is expected to 
perform ~ the basis that speed and accuracy are equally important. 
In a study of Ri~k-Taking Set and Target Detection Performance_, 
Evans5 found that radar detection is essentially a decision task. Ss 
perfonned a target detection task on a radar screen under three sets of 
instructions: Cautious - It is more important to respond correctly than 
quickly; Risky - Early detection is more important than avoiding errors; 
and Neutral - Respond as· soon as you think you, see a target. The results 
showed long response times and high accuracy- under Cautious Set, an(\ 
early detections and high false-po~itives under Risky Set. These results 
are to be expected and confirm earlier studies, all verifying that Ss 
will "trade-at'f" accuracy and time to accanplish a given goal. 
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• 
If subjeq_ts actually respond to the incentive -situation as a 
decision model then at visual conditions which would require longer 
inspection tjmes, some accuracy would be sacr-ificed·to partially com-
5 
vpensate for slow-er production. In the microminiature inspection task, 
the levels of magnification which would produce 1onger times should 
also reflect increased error rate. 
In addition to the search theory consideration, increased error ~ 
. . rates can be expected when low magnification approaches the MSA or high 
magnification begins to produce blurring. 
The foregoing observations lead to an hypothesis that functions of 
number of errors vs ievel of magnification and inspection time vs magni-
fication will both be concave and should reach their minima at approxi-
mately" the same point for any given task. 
This study investigates the effect of level of magnification on tbe 
. perfonnance of an operator visually inspecting a series of patterns with 
the aid of a microscope. Indices of performance are time and accuracy. 
METHOD AND APPARATUS 
The task was performed by 10 female employees of the Western Elec-
""' 
tric Company, all of whom were experienced in microscope work and who 
were currently ·working at a job which req~red use of a microscope a 
large percentage of the time. 
V.A. at 10X a b V.A. at 10X 
pattern= 4.2° oggoocgo 0 o ooogg ooogoo pattert1.J=· J.J .·_:.~: ooc 00 ocoooo JO" letter - JO' 000000 000000 letter -
-4' 88888888 oooggo 4' gap - " 000 8 gap -
-88888888 00000 
Fig. 2 Experimental Tasks (Enlarged lOX) 
a. 64 Characters b. 36 Characters 
L, 
.. ·. -~ 
,,, 
.6 
Aided by a microscope, Ss viewed a series of inspection patterns 
.1(Fig. 2). The task consisted of counting the number of Cs in the 
pattern of Os and Cs. The actual number of Cs varied from O to 9. The 
distribution of the numbers of Cs for each pattern in the set of 30 was \ 
\ 
approximately Poisson. The actual ·distributioris appear in Table 1~ ) . 
' Total Items Total Cs Distribution of Cs 
• for in 
No. af Cs 0 1 2 3 4 5 6 7 8 9 30 Slides 30 Slides 
Task A X X 2 4 4 6 5 4 3 2 1920 162 
Task B 2 5 8 6 6. 2 l X X X 1080 79 
Task C 2 5 8 6 6 2 1 X X X 1920 19 
Table 1. Composition of Experimental Tasks 
The task differen~es are important. Ta~ A is considered difficult 
and the set of 30 slides contained 162 Cs in a total of 1920 characters. 
Task B is considered easy, requiring identification of 79 Cs out of 1080 
characters. Task C is a combination of A and B, involving 1920 char-
acters but only 79 Cs. Note that distributions of Cs in Tasks B and C 
are identical. 
• 
' 
<['he patterns were reduced photographically on 35nnn positive slides. 
The actual size af the patterns was .06 x .06 in; for 36 characters and 
0 
.073 x .073 in. for 64 characters. In both cases the letters were 
.0085 in. high and the gap in the C was .0012 in. The patterns were 
" 
presented into the·field of the microscope· by a modified Kodak Super-
matic slide-change mechanism which was activated by a microswitch held 
by S. In addition to va~tuating the slide mechanism, the microswi.tch 
p 
deflected a pen on a Mosley Autograph X-Y Plotter equipped with a con-
stant-·speed chart drive. From studying the deflection pattern it was 
possible to exclude the ti.me necessary for the mechanism to act, thus 
. 
' 
~ 
> 
. " 
... ~··""'"'. ;.. ... _,,·-···--··-----~··· ' 
JV 
I 
the time data represent the actual time 1 which S took to inspect each 
slide. Using a chart speed of 12 in. per minute, times were recorded 
to the nearest 0.5 second. 
.. 
The microscope was an American Optical Company binocular stereo-
scopic microscope. Combining multiple objective lenses with lOX and 
7 
1SX eyepieces, it was possible ·,to secure a range of magnifications fran 
7X to 40X (a~?ve 40X the pattern became larger than the visual field of 
the microscope). The difference in the light transmitted by the various 
lens systems was corrected by using a variable-intensity lamp. During 
all tests an illumination of 1 foot-lambert, recorded at the eyepieces, 
was maintained. 
.,._ 
Each experimental session was · approximately 15 minutes in length. 
S first focused the microscope on a test slide. Each experimenta.l"JJ 
session consisted of 10 wann-up trials followed by 30 data collection ,,, 
trials. S inspected the 30 trial slides without interruption. While 
inspecting each slide S counted aloud {e.g., "1-2-3 Cs"). This made 
:it unnecessary for S to remember the total number of Cs counted. The 
number of Cs was recorded by E directly onto the chart record of the 
time elapsed., 
In addition to recording inspection times, the accuracy of inspec-
tion was also recorded. Errors were not classified by magnitude. _Any 
• difference betw~en the number counted by S and the actual number af' Cs 
on the slide constituted an error for that trial. Thus the maximum 
pos~iple number of errors iri an experimental session was 30. Ss were 
t/'.,. instructed that the situation was similar to the~r incentive ta(ks on 
the job and that accuracy and speed were equally important. 
'tw·. 
.. 
•·· ··-· "•'" -
... , ' 
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l 
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EXPERIMENT AL DESIGN 
\ 
f ( 
8 
The study was conducted over a four-week period. Each S performed 
one experimental session per day the first three weeks and two sessions 
per day during the last week. The ~essions took place ·at the same time ·1 
each day. The· task remained un_changed for the entire week, but the 
level of magnification was different each day. The entire design is 
<illustrated in Table 2. 
Ss 
Mag 1 & 2 3.&: 4 
7X Mon Wed 
lOX Wed Thur 
20X Tues Fri 
5. & 6 ·7 & 8 
Tues Thur 
Mon Fri 
Thur Mon 
,. 
9 & 10 
Fri 
Tues 
Wed 
Week 1 - Task A 
Week 2 - Task B 
Week 3 - Task C 
3·ox: Thur Tues Fri Wed Man Week 4 - Tasks A & B (¥ 
:liOX Fri Mon Wed Tues Thur 
. "" - .. 
Table 2. Experimental Design 
The decision to replicate Tasks A & B in the fourth week was made during 
the study· due to the learning factor which appeared to be present during 
the first three weeks. Due to the limitations of time allowed for the 
employees to participate in tbe study, Task C would not be replicated. 
ANALYSIS OF RESULTS 
·Time 
The reiation-ship between time to inspect 30 slides and level of 
· magnil'ication i_s -illustrated in the graph in Fig. 3. ~The analysis of 
I 
variance (Table 3) shows that time to inspect varies significantly with 
level of magnification (p< .001). The level of performance due. to dif- , . 
ferences in tasks is also significant {p <. .001). The interaction between 
,\-,.,I 
I '. 
.• 
., 
j 
, 
------------------·------.;-· .. ··-··--~~---~------~-----~---·-~-=-~==~--y~~.~-~---~-~---JIMIARM~h~r 
' 
:I 
i 
9 . 
· magnification and task is significant ( p < .005), and the task x subject 
and magnification x subject effects., are also significant (p( .001). 
Source· 
Task 
Magnification 
Ss 
Task x Mag. 
Task x Ss 
IvJag. x Ss 
Residual 
~-!"~ p <: • 001. 
-~~ p<.005 
D of F 
2 
4 
·9· 
8 
'18: 
, .. 
. 3·6. 
7·2 
M. S. 
8:8,051 
·7. 209 
. ' ,· ·, . 
·22 . .-2·37 
. , .. 
56:'t 
1:,523 
48:l-, 
149 
F 
57.6 ~-
15.0 *** 
149.0 *** 
3.8 ** 
:10.:2. ***·· 
3. 2 ·*** . . . . .. 
Table 3. Analysis of Variance-Inspection Time ( n = 10) 
It Accuracy. 
Fig. 4 illustrates the relationship between number of errors and 
level of magnification. The analysis of variance (Table 4) indicates 
that the effect of level of magnification is significant ( p < . 005). 
The effect of differences in tasks is significant ( p <. 001). As vras 
the case 'With time to inspect, the accuracy data indicate a significant 
. interaction between magnification and t·ask (p < .005). 
The remaining interactions show no significant effect at the .01 level. 
Source 
Task 
}1a.gnificati0t1· 
. S-s 
Task x Mag • 
• 
. Task x Ss 
Mag. x Ss 
Residual 
-38'~ p < • 001 
** .P < .oo, 
D of .F 
2:. 
4 
9 
·a 
:LB 
36'. 
7-2 .. 
. < 
.,. 
M. S. 
:19··9···· .. o 
. ,, 9'/ 
', ·44.4 
-23.1 . 
12 .. a 
10'..3· 
.. . . . 
··8:.,·l: 
4,~::3, 
F 
:l9 •. 4. *** 
:5.5: ~~ 
·~.J .-H* 
J.O ** 
2.4 ·N.S. 
1.05 N.S • 
Table 4. Analysis of Variance-Errors. ( n = 10) 
' . 
. -:-; 
. 
... ,,.- .. ---.......... ,., 
. 
:r 
Average 
Time 
to 
Inspect 
30 
Slides 
(Sec.) 
.. 
Fig. 
Average 
Number 
of 
Errors 
on 
30 
Slides 
J. 
180 
16o 
140 
120 
100 
. 80 
60 
7X 
Inspection Time vs 
7 
...... 
:5·. 
3 
2 a---
1 
D 111 10 
L----------i Task A 
-~ 
,. 
Task B 
Task C 
•· 
lOX 20X 30X 40X 
"""'"' Magnification 
Magnification for Three Tasks 
D 10 
Task A 
Task B 
J_-----=::-::::~+:-------i Task C 
0 ._ ____ .a..,_ ___ \.. _____ ...,__ ___ .._ 
7X lOX ,20X 
Magni.ficati on 
30X 
· Fig. 4.. Errors vs Magnification for Three Tasks · 
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40X 
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11 
Inspection of the data for individual Ss reveals that one S per~ 
fanned very poorly on Task A at 7X and lOX. Since all Ss had received 
eye examinations,_ the difficulty could not be attributed to this • 
. • 
Nevert.heless, S had expressed dissatisfaction during the experiment 
' . 
whenever she was inspecting the "little patterns". For this reason 
it was decided that an analysis of results omitting this S would be 
meaningful. 
Figs. 5 and ·6 illustrate relationships between magnification and 
time and magnification and accuracy for nine Ss. The analysis of 
:,-
variance results appear iti' Tables 5 and 6. 
Source 
Task 
• 
,y· 
Magnification 
/ 
,,, Ss 
Task x Mag. 
·T-ask x Ss 
:Mag. x Ss 
Residi,al 
-~~--,'1- p < • 001 
vv < OQr! 
"iC-A p • . ;). 
D of F 
.2 
4 
8 
8 
16 
32 
64 
M. S. 
69,375 
4,977 
11,334 
408 
·103 
.302· 
.F 
. 672 *** 
16.S *-""-* 
10. 7 ~~"* 
3.8 ** 
i. l N.S. 
2.9 l'T.S. 
Table·: 5'. Analysis of Variance-Inspection Time ( n -= 9) 
. The result of the omission of one S fran the analysis of variance for· 
time data ( Table 5) · is that two interaction terms, task x subject and 
• 
magnification x subject, are not significant at the .01 level. 
The only cliange in the analysis of variance for tccuracy data 
- (Table 6) is a re1duc~ion in the level of significance~ of the task x 
magnif'ication interaction effect. 
~. 
j' 
···~ 
~ 
'Ii ~ 
"---~'!."!.":.---- .-, 
- ' . ' . ' ' . . . ._ '' _., __ '"~" . __ ·- .. ,,_ .... ~ ....... ·,,,~.>. •( , ... ' .: 
:iP: 
., .. ,_ ·-·~' ...... ...,...... '-~ .. ' 
·-
.. 
·"'1 
: .. 
•j 
.... , .. , ·, .,,, 
180 
., 160 
Average 
Time 140 
to 
·Inspect 
30 120 
Slides • 
(Sec.) 
- '. 100,· 
:·a··o.: 
'·: .·· ·- ... _ --
7I lOX 20X 
Magnification 
D • 9 
.,... 
JOI 
12 
-
\ 
Task A 
Task B 
Task C 
40I 
Fig. 5. Inspection Time vs Magnification for Three Tasks. 
Average 
Number 
of 
Errors 
On 
3Q 
Slides 
8 
7 
6 
t' ... ;;)' 
. . 2 -a----
1 
0 
7X lOX 
·:\ 
. . -
20X 
Magnification 
£' 
D ~ 9 
JOX 
Fig. 6. Errors vs Magnification for 'lhree Tasks 
..... 
·- - .. ,_ ---~----·-.··-····· ·-·---·~·-····· . , .... - ~- ., . 
Task A 
Task B 
Task C 
40X 
! 
:.i 
r 
I 
I 
,i 
I 
I 
l 
l ! 
i I 
I 
;;;;p· 
i! 
-Ii· 
lJ . 
. .. 
Source D of F . M. s: • F 
Task 2 1.37. 8 -17:.l *** .. 
:Magnti' ica ti on 4 20.4 -5.o ** 
Ss .a: 19-1 6.o *** 
Task X Mag. ,8 .• 5.6 1.7 N.S. 
Task X Ss 16 8.1 2.5 .N.S. 
}Iag. X Ss ,3·'2 4.1 1.3 N.S. 
Residi1al ,64 3:.:2 
-~~* p < .001 
... 
** p < .005 
Table 6. Analysis of Variance-Errors (n = 9) 
• 
. DISCUSSION 
Time 
As was hypothesized, the function relating inspection time to 
-level of magnification is concave upward (Fig. 3). The difference in 
"difficultyt' among the three tasks is also obyious from the curves, 
~ 
and is confinned by the analysis of variance. All three time curves 
find their minima at approximately 2qx. This might be expected because, 
the opening in the C does not vary from task to task. A different size 
defect would theoretically produce a minimum at a different level of 
' . 
magnification. 
The "ease" of Task B had an effect in addition to the obvious d~m-
--~-. f 
ward displacement of the curve. The effect of the extreme values · of 
magnification on inspection time for Tasks A and C appears much greater 
than for B (i.e., the B curve is flatter). This fact is confinned by 
the signjficant interaction effect between task and magnification 
revealed by the analysis of variance. 
. .. , . ~ 
Canparison of curves for Figs. 3 and 5 show that the general shape 
af the curves remains unchanged. However, an important change is re-
... 
:~. 
,, .. 
fleeted in the revised analysis of variance. Two interaction tenns, 
task x subject and magnification x ~bject -Show a significant effect 
on inspection time. This result is important if outcome of such 
. '•". 
studies are to be generalized to a population of industrial workers, 
) 
and should be studied in detail. 
14 
That there is no interaction betwen Tasks A and C is confinned by 
.. 
a separate analysis of variance. AJ J other effects of magnification 
. 1 . ~ . 
. 
and task remain significant but the interaction between task and, mag-
nification yields f(l. 
The key to the difference in Task B lies in a comparison ar tlme 
per character inspected rather than total time to inspect 30 slides • 
. ~v J This reveals that on the average, Ss took longer to inspect each char-
acter in Task B than in Task c. Even so, the total inspection time was 
consistently shorter for Task B than C (Fig. 3). This indicates t~t, 
1 if necessary, S could ~pend more time inspecting each character on a B 
slide than on a C slide and still finish faster. Naturally this ten-
dency would be stronger at extreme levels af magni.f ication than at the 
optimum. 
Accuracy 
. Comparison af Figs. 3 and L. confim that the effect of level or 
magnification is comparable for accuracy and time. With the exception 
of the extremely high error rate for Task A at 7X, the time and accuracy-
curves bear a marked resemblance. Th.is extreme error rate can be traced 
to two Ss who per.Conned most poorly under this c·ondition (42 of 6o 
incorrect). .. 
The _significant interaction between task and magnification was dis-
f' 
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cussed above. The contention that Ss "take advantage" of the reduced 
demands- af Task C to improve their performance is given substance by 
the lower error rate at 7X and 40X~. It should be noted however, that 
the significance of this interaction can vary depending upon whether Ss 
use the reduced demands to improve both accuracy and time performance 
or just :improve time. 
.. 
J 
Omission of the subject who was discussed previously did not affect 
, 
the significance of the main effects of task and magnification. However, 
the task x magnification interaction is no longer significant at the 
.oo5 level. 
Another aspect of the experimental situation which bears examina-
tion is the relationship of apparent size at optimmn magnification to 
the MSA of 1 min. of arc • 
_ Based on a focal length of 10 in. for the microscope, the vis11al 
angle at optimum magnification is 8 min. Two factors undoubtedly con-
, tribute to the requirement for increased size: the task requires de-
'" 
tection rather than simple visual acuity, and the level of illumination 
i-s insufficient. 
An industrial study af the effect of illumination on a task which 
is canparable in size was reported by Allphin6• In the Allphin study 
an increase in productivity of 17% was realized whe_n illumination was 
increased from 20 to 100 foot-candles. Since the light in our study 
,. 
was judged insufficient by all of the subjects, it is highly probable 
. . 
_ that providi.ng more light would decrease ~he optimum level 6f magnifi-
.. 
cation. 
In the preceding discussions a number of conjectures were advanced 
... 
/ 
·l~;~·~ ·'{ . y •.. . •'' , ____ ... ,..:... ........ ......-..n.-·~-·-·· 
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Based on a focal length of 10 in. for the microscope, the vis11al 
angle at optimum magnification is 8 min. Tw-o factors undoubtedly con-
tribute to the requirement for increased size: the task requires de-
tection rather than simple ~sua;I ct(luity, and the level of illumination 
is insufficient. 
An industrial study· of the effect of illumination on a task which 
is canparable in size was reported by Allphin6• In the Allphin study 
an increase in productivity of 17% was realized when illumination was 
f' increased from 20 to 100 foot-candles. Since the light in our study 
was judged insufficient by all of the subjects, it is highly probable 
.. 
that providi,ng more 'light would decrease the optilnum level of magnifi-
cation. 
In the preceding disc·ussions a number of conjectures were advanced 
•• 
r· 
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which 1-,ere not investigated i this study. These statements and others 
mentioned in the Introduction ~indicate the existence of a number of areas 
for additional research. 
1. · Investigation, of the ef!ect of instructions on oper$.tor performance to investigate risk-taking behavior. \ 
2. Investigation to determine the true nature of the hypo-
thetical constructs of Scamii..ng Time and Defect Recognition Time. 
3. Investigation to determine the effect of size of gap in 
· the C on the optimum level of magnification • 
. 4. Investigation of tq.e effect o:f illumination on operator performance and optimum level of magnification • 
5. I.nvestigation of a larger sample of' the industrial popu-lation to confirm that task and magnification do not interact with subjects. 
SUMMARY \ ' 
·""" Three important facts have been confimed .in this study: 
1. Operator speed and accuracy on a given microminiature ·, 
' inspection task a:re a function of the level of magni-
fication utilized. 
2. ihe functions which describe the relationship of speed and 
~ accuracy to magnification are U-shaped. This verifies the 
existence af a level of magnification which will ndnimi.ze 
. 
the time to inspect a pattern and the number of errors 
made by an operator. 
3. Under an indifferent risk situation, t~e to inspect and 
number of errors are minimum at the same level of magni-
fication. 
,. 
····•· .. , ...... ,.,---··-··. ·--
I 
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